INTROduCTION Diabetic foot is a severe diabetic complication, which may result in ulcerations that are unresponsive to treatment and in lower limb amputation. Osteoprotegerin is a protein that is involved in the pathogenesis of diabetic foot.
postmenopausal women were characterized by higher bone mineral density and lower serum OPG concentrations compared with nonobese subjects. Therefore, OPG seems to be a significant factor in Charcot joint disease and, generally, in the pathogenesis of diabetic foot.
Based on the HapMap database and the available literature, we chose 3 single nucleotide polymorphisms (SNPs): rs2073617 (C950T), rs2073618 (C1181G), and rs3134069 (T245G). SNP rs3134069 is localized in the promoter region, rs2073617 in the 5' untranslated region (5'UTR), and rs2073618 in the first exone of the TNFRSF11B gene. The G allele from rs2073618 (C1181G) results with aspartic acid substitution to lysine (N3K) in the 3' amino terminus in the TNFRSF11B signal region, which may lead to alterations in protein activity. 13, 14 The aim of the study was to investigate whether the rs2073617 (C950T), rs2073618 (C1181G), and rs3134069 (T245G) polymorphisms in the TNFRSF11B gene are risk factors for diabetic foot, irrespective of its type. The rationale for the study was the role of the OPG/RANKL/RANK system in common pathogenetic pathways leading to diabetic foot of the ischemic and neuropathic origin. It seems that genetic variability in the TNFRSF11B gene may explain the presence of diabetic foot in some patients with diabetes.
PATIENTs ANd mEThOds
The study was conducted in the Department of Gastroenterology and Metabolic Diseases and the Department of Medical Genetics, Medical University of Warsaw, Poland, between October 2010 and September 2011. It included 877 individuals: 415 patients (122 with type 2 diabetes and diabetic foot and 293 with type 2 diabetes without diabetic foot) treated in the Department of Gastroenterology and Metabolic Diseases, and 462 individuals without diabetes who served as controls. Control subjects were selected from the WOBASZ (Polish National Multi Center Health Survey) study database. 15 The characteristics of the study groups are presented in TAbLE 1.
Patients were examined using a specially designed survey. Diabetic foot was diagnosed based on the International Consensus on the Diabetic Foot and Practical Guidelines criteria as ulceration, infection, or destruction of deep tissues located in the lower limbs below the ankles in patients with diabetes and neuropathy and/or peripheral arterial disease.
16 All patients underwent physical examination and their medical history was taken. The physical examination included the assessment of foot ulceration and deformation, knee and Achilli tendon reflexes, and the pulse on the tibial posterior and dorsal arteries. The stage of neuropathy was assessed with Thermo-tip (temperature discrimination), Monofilament (sense of touch), Neurotips (discrimination of pain), Semmes--Weinstein tunnel fork (discrimination of vibration). Neuropathic diabetic foot was diagnosed if the ulceration was painless. Each patient had INTROduCTION A better accessibility to new research methods now allows to include molecular testing in the differential diagnosis of metabolic diseases. New molecular testing methods provide an opportunity to understand the pathogenesis of the most common conditions including osteoporosis and coronary heart disease. Recently, numerous researchers have focused on proteins regulating the metabolic pathways in the human body. An increase in the knowledge about the role of the OPG/RANKL/RANK system fosters the search for new applications of the discovered associations, especially for osteoprotegerin (OPG). OPG is a protein that belongs to the tumor necrosis factor (TNF) superfamily. It plays an important role in the regulation of bone resorption. 1 It protects the receptor activator of nuclear factor κB (RANK) from the interactions with the RANK ligand (RANKL). 2 In the absence of OPG, the RANKL cytokine connects to RANK localized on the entire osteoclast cell line, leading to bone tissue resorption. 3 OPG is an antagonist of RANKL, and as such it protects the bone tissue against resorption. OPG gene (TNFRSF11B) polymorphisms are involved in the pathogenesis of numerous diseases. The T245G polymorphism in TNFRSF11B has been found to be associated with osteoporosis, Paget's disease, idiopathic hyperphosphatemia, and an increased risk of ischemic heart disease. [4] [5] [6] [7] [8] [9] Recent studies have proved a link between the TNFRSF11B gene T245G and C1181G polymorphisms and the prevalence of Charcot neuroarthropathy. 10 Diabetic foot is a diabetic complication of varied etiology leading to delayed wound healing and even amputation of the lower limb.
11 Based on etiology, we differentiated between neuropathic diabetic foot (with dominating sensorimotor neuropathy), diabetic foot related to angiopathy (characterized predominantly by atherosclerotic lesions in the lower limb vessels), and mixed diabetic foot (in which both sensorimotor neuropathy and atherosclerotic changes are present). The most common type is neuropathic diabetic foot. If autonomic neuropathy is present, neuroarthropathy may develop as a consequence of blood flow dysregulation in the small arteries. Due to loss of vessel innervation, there is an increased flow that passes through the distal tissues supplied by small arterioles. The blood reaches the venous system by avoiding shunts. An increased blood flow leads to severe bone tissue resorption in the foot. Only an early medical intervention during the acute phase of Charcot neuroarthropathy may help decrease bone tissue resorption. In many patients, changes in resorption lead to foot curve alignment and tissue ulceration. Therefore, Charcot neuroarthropathy diagnosed during the chronic stage usually leads to lower limb amputation.
The biomarkers of bone mineral density in obese perimenopausal women have recently been evaluated in a 5-year follow-up by Holecki et al. 12 The results showed that obese P = 0.001; odds ratio [OR], 1.039; 95% confidence interval [CI], 1.015-1.063). In diabetic patients, the risk of diabetic foot increases by almost 4% with each year. The study showed that the C allele of the rs2073618 polymorphism is a risk factor for diabetic foot in subjects in the allelic variant In the rs2073617 polymorphism, the A allele protected against diabetic foot in women in variant AA vs. AG (OR, 0.45; P = 0.045). The statistical analysis did not show any correlations with diabetic foot in any of the following groups: men and women with diabetic foot, men with diabetic foot, or patients with neuropathic diabetic foot. There was no correlation between the prevalence of the SNP alleles in the population of diabetic patients. No associations were observed between patients with diabetic foot and those only with diabetes. Because of the small group size, it was not possible to assess the associations with Charcot joint disease (TAbLE 3) .
Our study did not show any correlation between SNP rs3134069 and diabetic foot, neuropathic diabetic foot, and Charcot joint compared with the control group. We observed a rare homozygote in the occurrence of the C allele; therefore, we did not assess the Hardy-Weinberg equilibrium and allele associations (TAbLE 4) . the ankle-brachial index measured and, if below the norm, a Doppler ultrasound was performed. Patients also underwent computed tomography angiography as recommended by a vascular surgeon. Neuropathy was identified according to the Toronto Clinical Neuropathy Score. 17 The genetic material was isolated from the whole blood samples collected in an EDTA tube using the salting-out method.
18 The inclusion criteria for the control group from the WOBASZ study were as follows: age over 50 years, absence of diabetes, fasting glucose below 100 mg/dl (<5.6 mmol/l), no heart defects, myocardial infarction, or a history of thrombotic events. The above criteria were applied to comply with the age of the study group and to avoid the effect of cardiac conditions.
The SNPs rs2073618 and rs3134069 were genotyped using the predesigned TaqMan SNP Genotyping Assays (Applied Biosystems, United States), C___1971047_1_ and C__27464534_20 respectively. The rs2073618 polymorphism was typed with the Custom TaqMan SNP Genotyping Assay using a forward primer: GAC CAA ACT TTG CAC CTT TCT TTT TTA G; reverse primer: CGC CCC AGC CCT GAA A; reporter sequence 1: AAG CTC CAG GAT TAA C; and reporter sequence 2: AAG CTC CAG GGT TAA C. The reactions were performed on the ABI PRISM 9700 platform (Applied Biosystems). The results were analyzed using the 7500 System SDS Software (Applied Biosystems) v. 1.2.3. All genetic tests were performed with negative control. Statistical calculations were performed using the STATISTICA 9.1 software (StatSoft, Inc. 2008). The frequencies of rs2073617, rs2073618, and rs3134069 alleles in cases and controls were compared using the χ 2 test. The obtained distribution of the rs2073617, rs2073618, and rs3134069 genotypes were statistically analyzed with an online test (http://ihg.gsf.de/cgi-bin/hw/hwa1.pl).
REsuLTs
We observed that irrespective of the patients' age, the duration of diabetes was associated with an increased risk of diabetic foot and with longer diabetes duration in patients with diabetic foot (mean, 15.85 vs. 12.34 years; dIsCussION Our study confirmed the correlation between rs2073618 in the TNFRSF11B gene and diabetic foot in patients with diabetes irrespective of the type of diabetic foot. Moreover, it showed that the genetic predisposition for diabetic foot in patients with diabetes may result from TNFRSF11B gene variability. The study showed that the rs2073618 polymorphism in the TNFRSF11B gene does not increase the risk of diabetes itself, which makes the genetic analysis in patients with diabetic foot more significant. The presence of this correlation only in men provides important data and increases the sensitivity of the potential genetic panel by narrowing the target group. Moreover, we proved the role of the A allele of the rs2073617 polymorphism in the prevention of diabetic foot in women. The above association concerns only the rs2073617 polymorphism.
An Italian study conducted in 2009 showed a significant correlation between rs2073618 and rs3134069 TNFRSF11B gene polymorphisms and Charcot neuroarthropathy. 10 Abbreviations: CI -confidence interval, n -number of alleles, N -total number of alleles, OR -odds ratio, SNP -single nucleotide polymorphism to be associated with male sex. This association was observed also when comparing the prevalence of the C allele of the rs2073618 polymorphism between patients with diabetic foot and those only with diabetes. We proved that the rs2073618 polymorphism did not occur more frequently in patients with diabetes without diabetic foot, which is in line with the cited studies. Thus, it may be assumed that the presence of diabetic foot, including that of neuropathic origin, in patients with diabetes has a genetic background. Although, the OPG/RANKL/RANK system is involved in the pathogenesis of diabetic complications, including diabetic foot, not every polymorphism in the TNFRSF11B gene shows frequency variations in the population of patients with all types of diabetic foot. We believe that further research into the genetic markers of the risk of diabetic foot may be helpful in the prognosis of did not show a significant correlation between the aortic valve calcium score and serum OPG concentration. 22 The above results confirm the role of the OPG/RANK/RANKL system in the pathogenesis of atherosclerosis and cardiovascular diseases.
It included
The strength of our study is the inclusion of groups with type 2 diabetes and healthy controls that were irrespectively compared with patients with diabetes and diabetic foot. The limitation is the lack of the representative group of patients with Charcot neuroarthropathy and lack of individuals with type 1 diabetes to make comparisons with type 2 diabetic patients.
Our study confirmed the association of neuropathic diabetic foot only for the rs2073618 polymorphism in the TNFRSF11B gene. It also showed an association between the C allele of the rs2073618 polymorphism and diabetic foot. Diabetic foot, including the neuropathic type, showed Abbreviations: see TAbLE 2 
